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FOREWORD 

This  report  was  prepared  by  General  Dynamics,  Fort  Worth 
Division  under  Phases  1  and  2  of  the  "Advanced  Durability 
Analysis"  program  (Air  Force  Contract  F33615-84-C-3208 )  for  the 
Air  Force  Wright  Aeronautical  Laboratories  ( AFWAL/FIBEC) .  James 
L.  Rudd  was  the  Air  Force  Project  Engineer  and  Dr.  Jack  W.  Lincoln 
of  ASD/ENFS  was  a  technical  advisor.  Dr.  S.  D.  Manning  of  the 
General  Dynamics'  Structures  Technology  Staff  was  the  program 
manager  and  co-principal  investigator  along  with  Dr.  J.  N.  Yang  of 
United  Analysis  Incorporated  (Springfield,  VA) . 

All  tests  were  performed  in  General  Dynamics'  Metallurgy 
Laboratory  by  R.  0.  Nay  under  the  direction  of  R.  L.  Jones.  D.  E. 
Gordon  was  responsible  for  specimen  acquisition.  Fractographic 
evaluations  were  performed  by  D.  E.  Gordon,  S.  B.  Kirschner  and  K. 
Koepsel.  L.  E.  Brubaker  coordinated  the  fractographic  data 
acquired . 

This  report  (Vol.  Ill)  contains  test  results,  raw 
fractographic  data,  and  strain  survey  data  developed  under  the 
"Advanced  Durability  Analysis"  program.  Other  volumes  for  this 
program  are  as  follows: 

o  Volume  I  -  Analytical  Methods  (Tasks  I,  II,  III) 

o  Volume  II  -  Analytical  Predictions,  Test  Results,  and 
Analytical/Experimental  Correlations  (Tasks  I, 
III,  IV,  and  V) 

o  Volume  IV  -  Executive  Summary 
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SECTION  I 
INTRODUCTION 


This  report  contains  test  and  raw  f ractographic  data  acquired 
under  the  "Advanced  Durability  Analysis"  program  [1].  Applicable 
test  results,  fractography  and  strain  survey  data  acquired  by  the 
General  Dynamics  Port  Worth  Division  under  independent  research 
are  also  presented  [2,3]. 

The  test  matrix  and  specimen  details  for  this  program  are 
described  in  Section  II.  Test  setups,  testing  procedures  and  data 
acquisition  details  are  described  elsewhere  [4-6] .  Raw  test  and 
f ractographic  results  are  presented  in  this  Volume  (III)  and  the 
results  are  evaluated  in  Volume  II  [4] . 

The  f ractographic  data  presented  in  this  report  can  be  used 
to  quantify  the  initial  fatigue  quality  (IFQ)  or  equivalent 
initial  flaw  size  distribution  for  clearance-fit  fastener  holes  in 
7475-T7351  aluminum.  Other  sources  for  IFQ  data  are  available 
[e.g.,  6-12]. 
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SECTION  II 

TEST  PROGRAM  AND  RESULTS 


2.1  INTRODUCTION 

The  test  matrix  and  specimen  details  for  the  Phase  1  and  2 
test  programs  are  described  in  this  section.  Test  results  are 
summarized.  The  raw  f ractographic  data  and  strain  survey  results 
acquired  are  presented  in  applicable  appendices. 

2.2  PHASE  1  TEST  PROGRAM 

Objectives  of  the  Phase  1  test  program  were: 

1.  Acquire  f ractographic  data  for  multiple-hole  dog-bone 
specimens  and  use  the  data  to  evaluate  the  statistical  scaling 
concept  for  defining  the  initial  fatigue  quality  of  fastener 
holes . 


2.  Obtain  data  for  evaluating  the  effects  of  specimen  size 
on  the  equivalent  initial  flaw  size  distribution  (EIFSD). 

3.  Acquire  f ractographic  data  for  unflawed  fastener  holes 
and  use  the  results  to  evaluate  the  advanced  durability  analysis 
methodology  for  both  small  (e.g.,<^  0.10")  and  large  (e.g.,>  0.10") 
through-the'thickness  crack  sizes. 

The  test  matrix  for  the  Phase  1  effort  (Task  1)  is  shown  in 
Table  1  and  the  specimen  details  are  shown  in  Fig.  1.  Details  of 
the  Test  Setup  and  procedures  are  given  in  Volume  II  [4] . 

Thirty-one  replicate  dog-bone  specimens  (Fig.  1),  with  no 
intentional  preflaws  in  the  fastener  holes,  were  fatigue  tested  to 
failure  at  room  temperature  in  a  lab  air  environment.  Two 
different  load  spectra  were  used.  Test  results  for  the  Phase  1 
effort  are  summarized  in  Table  2,  including  the  final  crack  sizes 
for  each  of  the  three  holes  per  specimen.  Fractographic  results 
for  the  fighter  and  bomber  load  spectra  are  presented  in  Appendix 
A  and  B,  respectively. 


2.3  PHASE  2  TEST  PROGRAM 

The  Phase  2  test  program  had  the  following  objectives: 

1.  Acquire  fractographic  results  for  large  through-the- 
thickness  fatigue  cracks  in  unflawed  (no  intentional  preflaws 
introduced)  fastener  holes. 

2.  Obtain  both  small  and  large  fatigue  crack  growth  data 
that  can  be  used  to  quantify  the  initial  fatigue  quality  of 
fastener  holes. 
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Notes  foe  Table  2 

1  Failed  when  disk  drive  was  disconnected  from  computer  system 

2  Specimen  bent  in  compression  due  to  load  cell  malfunction 

3  Hole  with  largest  crack 

4  Crack  originated  in  countersink  area 

5  Maximum  gross  stress  calibrated  to  maximum  load  in  spectrum 

6  Measured  in  direction  of  crack  propagation  with  respect  to 
bore  of  hole. 

7  Lug  end  failure 
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3.  Use  the  acquired  data  to  verify  the  advanced  durability 
methods  developed  for  large  through-the-thickness  cracks 
associated  with  fuel  leaks  and  ligament  breakage. 

4.  Do  a  specimen  strain  survey  using  a  double-reversed 
dog-bone  type  specimen  and  verify  the  percentage  of  bolt  load 
transfer  as  a  function  of  the  applied  load  level. 

The  complete  test  matrix  for  the  Phase  2  effort  (Task  IV)  is 
shown  in  Table  3.  Specimen  details  are  shown  in  Figures  2  and  3. 
The  test  setups  and  procedures  are  documented  in  Volume  II  [4] . 

In  Table  3  all  fatigue  tests  were  conducted  at  room 
temperature  in  a  lab  air  environment.  Three  different  load 
spectra  were  considered.  Fatigue  test  results  for  Phase  2  (i.e., 
t ime-to-failure  and  final  crack  sizes  in  the  fastener  holes)  are 
summarized  in  Tables  4-11  by  test  series.  Fractographic  results 
for  test  series  IV(a)  -  IV(c),  IV(h),  IV(d)  -  IV(g)  are  presented 
in  Appendices  C  through  J,  respectively. 

Eight  dog-bone  specimens  (Fig.  2)  were  fatigue  tested  and 
f ractographically  evaluated  under  General  Dynamics,  Fort  Worth 
Division  independent  research  [2].  Test  specimens  were  made  from 
the  same  batch  of  material  used  for  this  program.  Four  specimens 
each  were  fatigue  tested  the  same  way  as  test  series  IV(a)  and  (b) 
(see  Table  3).  Test  and  fractographic  results  for  these  tests  are 
also  included  in  Appendix  C  and  D.  These  results  and  those  for 
Test  Series  IV(a)  and  (b)  are  used  in  the  durability  analysis 
methodology  evaluation  in  Volume  II  [4] . 

A  strain  survey  was  performed  using  a  double-reversed 
dog-bone  specimen  (Fig.  3).  Details  of  the  strain  survey  and 
results  are  given  in  Appendix  K.  A  more  comprehensive  strain 
survey  has  been  performed  using  a  replicate  test  specimen  from  the 
same  material  batch  [3].  These  strain  survey  results  are  also 
presented  in  Appendix  K.  The  strain  survey  results  presented  in 
this  Volume  (III)  are  evaluated  in  Volume  II  [4], 


TABLE  3  PHASE  2  TEST  MATRIX 
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Notes 


Material:  7475-T7351  aluminum  plate  (1/2"  stock) 
Drill  holes  using  modified  Winslow  Spacematic 
drill  without  deburring 

Drill  and  install  fastener  per  M198. 


IONS  ALUMINUM 
OOUILKR PLATt 


'V 


IS: 


1.  Material:  7475-T7351  Aluminum 

2.  Match  drill  holes  using  modified  Winslow  Spacematic  drill 
without  deburring 

3.  Drill  and  install  MS90353-08  rivets  per  M198. 


Fig.  3  Double  Reversed  Dog-Bone  Specimen  (15%  Load  Transfer) 
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TABLE  7  TEST  RESULTS  FOR  TEST  SERIES  IV(h) 
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TABLE  8  TEST  RESULTS  FOR  TEST  SERIES  IV(d) 
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Notes :  Measured  in  direction  of  crack  propagation  with  respect  to  base  of  hole 
**Crack  originated  on  faying  surface. 
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TABLE  11  TEST  RESULTS  FOR  TEST  SERIES  IV(g) 
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APPENDIX  A 


FRACTOGRAPHIC  RESULTS  FOR  MULTIPLE  HOLE  DOG-BONE  SPECIMENS 

(Phase  1;  Test  Series  1(a)) 
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APPENDIX  B 


FRACTOGRAPKIC  RESULTS  FOR  MULTIPLE  HOLE  DOG-BONE  SPECIMENS 

(Phase  1;  Test  Series  1(b)) 
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APPENDIX  C 

FRACTOGRAPHIC  RESULTS  FOR  SINGLE  HOLE  DOG-BONE  SPECIMENS 
(Phase  2 f  Test  Series  IV(a)) 

Fractographic  results  for  dog-bone  specimens  (Fig.  2)  tested 
under  test  series  IV(a)  are  presented  in  this  section.  These 
tests  were  performed  at  room  temperature  in  lab  air  using  the  F-16 
400  hour  spectrum  [4] . 

Replicate  fatigue  tests  were  also  performed  under  General 
Dynamics,  Fort  Worth  Division  research  [2].  These  additional  test 
results  and  fractography  are  compatible  with  the  results  for  test 
series  IV(a).  Moreover,  the  test  specimens  for  Ref.  2  were  from 
the  same  batch  of  material  as  those  for  test  series  IV(a).  The 
test  setup  is  shown  in  Fig.  C-2  and  fractographic  results  are 
presented  in  Table  C-l.  Typical  fracture  surfaces  are  shown  in 
Fig.  C-2. 
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Table  C-l  SUMMARY  OF  l-'RACTOCRAPlirC  RESULTS  FOR  DOO-BONE  SPECIMENS 

(W  »  5.00",  t  =  0.375";  NAS  6204  BOLT  IN  HOLE).  SUBJECTED 
TO  P-16  400  HR.  SPECTRUM  (WWPF  DATA  SET) 


i  SPECIMEN  NO.  1 

SPECIMEN  NO.  X 

SPECIMEN  NO. J 

SPECIMEN  NO.  4 

FLT 

ICRACK  DEPTH  (IN.) 

FLT 

ICRACK  DEPTH  (IN.) 

FLT 

CRACK  DEPTH  (IN.) 

FLT 

CRACK  DEPTH  (IN.)I 

HRS. 

L.H. 

R.H. 

HRS 

L.H. 

R.H. 

HRS 

L.H. 

R.H. 

HRS 

L.H. 

R.H. 

29616 

.690 

.650 

18806 

.712 

.6827 

24435 

,  7800 

.5173 

25232 

.678 

.6471 

29600 

.680 

.640 

18400 

.  565 

.  5427 

24000 

.6315 

.  4327 

24800 

.563 

.  5262 

29200 

.530 

.  520 

18000 

.478 

.4543 

23600 

.  5581 

.3714 

24400 

.483 

.  4450 

28800 

.495 

.4509 

17600 

.4113 

.3791 

23200 

.  4950 

.3206 

24000 

.415 

.  3778 

28400 

.  4285 

.  3950 

17200 

.  3478 

.3181 

22800 

.  4406 

.2771 

23600 

.358 

.3210 

28000 

.  3727 

.3492 

16800 

.2913 

.2652 

22400 

.  3958 

.  2399 

23200 

.305 

.  2719 

27600 

.3241 

.  3065 

16400 

.2491 

.2265 

22000 

.  3519 

.2080 

22800 

.260 

.  2272 

27200 

.2846 

.  2691 

16000 

.  2095 

.1870 

21600 

.3165 

.1778 

22400 

.218 

.  1905 

26800 

.2496 

.2393 

15600 

.  1763 

.1568 

21200 

.  2813 

.1568 

22000 

.  184 

.1591 

26400 

.2219 

.2100 

15200 

.1482 

.1298 

20800 

.2517 

.1397 

21600 

.152 

.1346 

26000 

.  1938 

.  1850 

14800 

.  1250 

.1032 

20400 

.  2241 

.  1235 

21200 

.1290 

.1123 

25600 

.1671 

.  1635 

14400 

.  1012 

.  0853 

20000 

.  2008 

.  1088 

20800 

.1089 

.0923 

25200 

.  1479 

.  1448 

14000 

.0863 

.0672 

19600 

.  1808 

.  0960 

20400 

.0908 

.  0778 

24800 

.1315 

.  1290 

13600 

.0759 

.0579 

19200 

.  1612 

.  0840 

20000 

.0781 

.  0641 

24400 

.1145 

.  1143 

13200 

.0682 

.0482 

18800 

.  1417 

.0745 

19600 

.  0679 

.  0536 

24000 

.  0S8  4 

.1023 

12800 

.  062 

.0412 

18400 

.  1284 

.0651 

19200 

.0582 

.  0451 

23600 

.  0887 

.0915 

12400 

.0557 

.0361 

18000 

.1158 

.0570 

18800 

.0501 

.0405 

23200 

.0799 

.0809 

12000 

.  0481 

.0320 

17600 

.  1050 

.  0504 

18400 

.0443 

.  0349 

22800 

.0721 

.  0712 

11600 

.0431 

.  0280 

17200 

.  0950 

.  0449 

18000 

.0385 

.  0301 

22400 

.  0664 

.  0636 

11200 

.  0396 

.0252 

16800 

.  0850 

.  0386 

17600 

.0343 

.0272 

22000 

.  0624 

.  0549 

10800 

.  0362 

.0220 

16400 

.  0755 

.0322 

17.00 

.  0308 

.  0239 

21600 

.0568 

.  0480 

10400 

.0332 

.0195 

16000 

.  0665 

.  0278 

16800 

.  0277 

.0214 

21200 

.0516 

.  0431 

10000 

.0300 

.0167 

15600 

.  0593 

.0251 

16400 

.0247 

.0186 

20800 

.0473 

.0376 

9600 

.0272 

.0149 

15200 

.  0534 

.  0218 

16000 

.0222 

.  0159 

20400 

.0427 

.0324 

9200 

.0244 

.0131 

14800 

.  0472 

.0186 

15600 

.  0200 

.01.34 

20000 

.0375 

.  0290 

8800 

.0208 

.0109 

14400 

.  0429 

.0166 

15200 

.  0178 

.0113 

19600 

.0346 

.  0262 

8400 

.0180 

.0087 

14000 

.  0379 

— 

14800 

.  0160 

.  0095 

19200 

.0317 

.  0233 

8000 

.0159 

— 

13600 

.  0339 

— 

14400 

.0143 

.  0075 

18800 

.0284 

.  0206 

7600 

.0138 

— 

13200 

.0317 

— 

14000 

.0127 

.  0057 

18400 

.0255 

.0185 

7200 

.0119 

— 

12800 

.  0292 

-- 

13600 

.0112 

— 

18000 

.  0231 

.  0164 

6800 

.0100 

— 

12400 

.  0268 

— 

13200 

.0098 

— 

17600 

.0211 

.0145 

6400 

.0084 

— 

12000 

.  0245 

— 

12800 

.  0088 

— 

17200 

.0192 

.  0128 

6000 

.0069 

-- 

11600 

.  0225 

— 

12400 

.0076 

— 

.0173 

.  0110 

11200 

.0208 

— 

12000 

.0066 

— 

16400 

.0154 

.  0094 

10800 

.0190 

-- 

11600 

.  0055 

-- 

16000 

.  0138 

.... 

10400 

.  0171 

-- 

11200 

.  0046 

— 

15600 

.0124 

* - 

10000 

.  0154 

— 

10800 

.0037 

— 

15200 

.0110 

— 

14800 

IBB 

-- 

14400 

IB&y 

— 

14000 

WMmM 

— 

l|||||ra 

in 

— 

sen] 

— 

12800 

in 

— 

12400 

.  0043 

— 

12000 

.  0035 

-- 
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APPENDIX  D 

FRACTOGRAPHIC  RESULTS  FOR  SINGLE  HOLE  DOG-BONE  SPECIMENS 
(Phase  2?  Test  Series  IV(b)) 


Fractographic  results  for  dog-bone  specimens  (Fig.  2)  tested 
under  test  series  IV(b)  are  presented  in  this  section.  The 
fatigue  tests  were  performed  at  room  temperature  in  lab  air  using 
the  B-l  bomber  spectrum  [4]. 

Compatible  fatigue  test  results  and  fractography  were  also 
acquired  under  General  Dynamics,  Fort  Worth  Division  research  [2] . 
Test  specimens  were  made  from  the  same  batch  of  material  as  those 
for  test  series  IV(b).  Fractographic  results  are  presented  in 
Table  D-l  and  photographs  of  typical  fracture  surfaces  are  shown 
in  Fig.  D-l. 
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Table  D-l  Summary  of  Fractographic  Results  for  Dog-Bone 
Specimens  {*  ■  3.00",  t  ■  0.375",  NAS  6204  Bolt 
in  Hole)  Subjected  to  B-l  Bomber  Spectrum 
( WWPB  Data  Set) 


SPECIMEN  NO.  1 


CRACK  DEPTH 


nan 


.770 

.430 

.  2448 

.150 

.1007 

.0708 

.0486 

.  0338 

.0241 

.0183 

.0143 

.0104 

.0076 

.0052 

.0034 

.  0024 


snaacoiinBanB 
RfliHaaimli 


SPECIMEN  N 


PLT  CRACK  DEPTH 

R.H. 


nail 


;kk* 


,0974 

.0655 

.0414 

.0322 

.0245 

.0208 

.0155 

.0111 

.0081 

.0065 

.0056 

.0048 

.0040 

.0034 

.0028 


0  .570 

0  . 420 

0  .288 
5  .1919 

18  .1287 
35  .0845 
.2542  .0572 


0 

0 

0 

5 

18 

35 

27000 

26156 

25102 

24047 

22992 

21938 

20883 

19828 

18773 

17719 

16664 

15609 

14555 

13500 

12656 

11602 

10547 


.2116  .0387 
.1780  .0277 


.1446  .0201 
,1192  .0161 


,0928  .0120 
,0710  ,0090 


.0528  .0072 
,0397  .0058 


SPECIMEN  NO.  4 


CRACK  DEPTH  (IN.) 

rRitli  " 


90 

10 

683 

826 


.2184 
.1680 
.  132S 
.1056 
.0850 
.0686 
.0549 
.0454 


.0381  .0216 
.0316  .0174 


24047 

22992 

21938 

20883 

19828 

18773 


-*j  .805"  |*  j  .610"f"  “1  •  850"  f*"*)  •  S7”f— 


multi-origins 


Material:  7475-T7351  Aluminum 


0.375" 


Spectrum:  B-l  bomber  (Norohna  Special) 
Stress:  34  KSI  (Gross) 
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Pig.  D-l  Photographs  of  Typical  Fracture  Surfaces  for 
3. 00-inch  Wide  Dog-Bone  Specimens  Tested 
Using  B-l  Bomber  Spectrum 
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APPENDIX  E 


FRACTOGRAPHIC  RESULTS  FOR  SINGLE  HOLE  DOG-BONE  SPECIMENS 
(Phase  2;  Test  Series  IV(c)) 


i»y  I  I  wrw  I  J7J 


Biiiimmmimmi 


iniHiiiimi 

iihibiidiui 


■  BBIIIMB— Bill 

■  BiitHiiMimHim 


II 


H  ! 

i  * 


i  * 


1?  -v 


.*  * 


s 

W  ^ 


«  < 


i  * 


b/'il'iCW 


A/</T/«AV/C 


3</Jf  inches 


f"7  **  */  f„cJ,Cs  c^ert, 

^or'i-  0*1  /-Ac  £/>&£■/ stte-st  3£tr'+£±c  g 


APPENDIX  F 


FRACTOGRAPHIC  RESULTS  FOR  SINGLE  HOLE  DOG-BONE  SPECIMENS 
(Phase  2;  Test  Series  IV(h)) 
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APPENDIX  G 


FRACTOGRAPHIC  RESULTS  FOR  DOUBLE  REVERSED  DOG-BONE  SPECIMENS 

(Phase  2;  Test  Series  IV(d)) 
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APPENDIX  H 


FRACTOGRAPHIC  RESULTS  FOR  DOUBLE  REVERSED  DOG-BONE  SPECIMENS  (15% 

LT) 

(Phase  2;  Test  Series  IV(o)) 
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APPENDIX  I 


FRACTOGRAPHIC  RESULTS  FOR  DOUBLE  REVERSED  DOG-BONE  SPECIMENS  (15%  LT) 
(Phase  2 j  Test  Series  IV(f)) 
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APPENDIX  J 

FRACTOGRAPHIC  RESULTS  FOR  DOUBLE  REVERSED  DOG-BONE  SPECIMENS  (15% 

LT) 

(Phase  2;  Test  Series  IV(g)) 
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APPENDIX  K 


STRAIN  SURVEY  FOR  DOUBLE  REVERSED  DOG  BONE  SPECIMEN  (15%  LT) 


A  strain  survey  was  performed  using  a  double-reversed 
dog-bone  specimen.  Specimen  WABXHR4-15  (Dur.  120)  was  used  for 
the  strain  survey  and  the  survey  was  performed  prior  to  fatigue 
testing  the  specimen  to  failure.  Strain  gage  locations  and 
specimen  details  are  shown  in  Fig.  K-l.  Strain  gage  readings, 
summarized  in  Table  K-l,  are  evaluated  in  Volume  II  [4). 

Two  additional  strain  surveys  were  performed  under  another 
program  [3] .  These  results  were  based  on  a  test  specimen  with  the 
same  details  (Fig.  K-l)  and  from  the  same  material  batch  as  the 
"Advanced  Durability  Analysis"  program  specimen.  Since  these 
strain  survey  results  also  apply  to  this  program  they  are 
summarized  herein. 

The  initial  strain  survey  [3]  was  performed  prior  to  any 
fatigue  testing  on  the  specimen.  Initially  only  four  strain  gages 
were  used.  Strain  survey  results  and  strain  gage  locations  are 
shown  in  Table  K-2.  The  test  specimen  was  then  fatigue  tested  to 
8000  flight  hours  using  the  F-16C/D  Block  30G  spectrum. 

Following  the  fatigue  test  a  follow-up  strain  survey  was 
performed  with  two  additional  strain  gages  addid.  Results  of  the 
strain  survey  and  the  approximate  strain  gage  locations  are  shown 
in  Table  K-3.  These  results  from  Ref.  3  are  also  evaluated  in 
Volume  II  [4]. 


TABLE  K-l  SUMMARY  OP  STRAIN  SURVEY 
READINGS  FOR  DURABILITY  SPECIMEN  120* 


%  LOAD 

(KIPS) 

STRAIN  READINGS  (*IN.) 

j 

! 

ei 

€2 

0 

0 

0 

0 

20 

9.18 

845 

594 

40 

18.36 

1656 

1228 

60 

27.54 

2434 

1910 

80 

36.72 

3174 

2620 

100 

45.9 

3968 

3417 

0 

0 

0 

0 

— . 

WABXHR4-15  (Ref.  Table  11) 


TABLE  K-2  STRAIN  SURVEY  RESULTS  FOR  DOUBLE- REVERSED 
DOG-BONE  SPECIMEN  WITHOUT  PRIOR  FATIGUE 
TESTING 


TABLE  K-3  STRAIN  SURVEY  RESULTS  FOR  DOUBLE- REVERSED  DOG-BONE 
SPECIMEN  FOLLOWING  8000  FLT  HOURS  OF  FATIGUE 
TESTING  USING  THE  F-16C/D  BLOCK  30G  SPECTRUM 


% 

LOAD 

PT 

(KIPS) 

S'. 

CRAIN  READINGS 

(*-IN.)  • 

(Ref.  3) 

£i 

C2 

€ 

3 

€ 

4 

e 

5 

6 

6 

Ban 

0 

0 

0 

0 

0 

0 

0 

i 

4.67 

630 

590 

635 

658 

665 

622 

i 

9.35 

1252 

1215 

1290 

1325 

1332 

1289 

■ 

14.05 

1854 

1830 

1944 

1989 

1993 

1954 

40 

18.69 

2448 

2440 

2592 

2640 

2648 

2615 

50 

23.35 

3045 

3059 

3243 

3292 

3300 

3275 

40 

18.69 

2430 

2436 

2610 

2650 

2646 

2615 

30 

14.05 

1836 

1825 

1976 

1994 

1992 

1953 

20 

9.35 

1233 

1206 

1327 

1332 

1330 

1287 

10 

4.67 

614 

587 

670 

669 

668 

621 

0 

0 

4 

14 

23 

6 

3 

5 

Strain  Gage  Locations 


Notes:  1.  All  strain  gages  on  ^  of  specimen 

2.  After  8000  flight  hours  of  fatigue  testing  one 
fastener  hole  (the  one  with  the  largest  crack 
size)  had  approximately  a  0.50"  crack  on  each 
side  of  the  hole. 
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